In the work, the problem of neutron kinetics in general view taking into account the all groups of delayed neutrons is solved. Conception of the matrix of complete neutron kinetics is introduced and are determined its properties.
Introduction
This paper is devoted to the solving of a number of important problems of neutron kinetics. The most significance here is that problems connecting with questions of neutron multiplication in the nuclear fission process are presented. Special interest induces the kinetic analysis of delayed neutrons in the general neutrons balance. In the work, determining influence of delayed neutrons on the Open Access Library Journal average life time of one neutron generation in considered nuclear device (nuclegen) is noted. Author's works [1] , [2] , [3] , [4] also are devoted to the theoretical grounds of the nuclegen creation.
With the implementation of the project on the creation of toroidal nuclear electric generator the important is the question about the diffusion of neutrons and the question about spreading of diffusing the flow (flex) of neutrons in this nuclear device [5] , [6] , [7] .
The main attention in Sections 2-5 is given to the solving of neutron kinetics problems in the general view. With that purpose the conception of the matrix of complete neutron kinetics is introduced. Given matrix allows finding an overt form for solutions of kinetic equations by means of employment: 1) of the separation method for kinetic equations and 2) of the reducing method of integrodifferential equations equivalent for kinetic equations to corresponding integral equations and its solutions.
In Sections 6-8 the problem of neutron diffusion in a nuclegen is investigated.
It is succeeded in solving of diffusion equation with the aid of Fourier's separation method of variables. Obtained solutions allow confirming about the practically complete absence of some penetrating diffusion.
Problem of Neutron Kinetics. Basic Concepts and Preliminary Clarifications
In the process of nuclear fission two chief neutron groups are formed. In the first one of these groups neutrons are emitted almost instantaneously (within 10 −14 s from the very process of fission) and because of that are called prompt neutrons.
Prompt neutrons make about 99.36% of the total quantity of emitted neutrons.
The second group is formed of the delayed neutrons, which come from the splinters of fission after their radioactive β-decay after some time, measured by fractions and tens of seconds.
10 known precursors of delayed neutrons can be pointed out [5] , [6] and besides each one of them produces neutrons with a corresponding period of half-life and energy, which is lower than that of prompt neutrons. Of these precursors six [5] , [6] , [7] , having the largest output of delayed neutrons, are usually selected to be taken into account due to difficulty of analysis.
Under a stationary operating condition of a nuclear device (reactor, generator-nuclegen) a critical state of a system, when the multiplication factor of neutrons 1 k = , corresponds with a self-sustaining fission reaction. Understandably during operation of the device within the limits of this condition the factor k is to be changing within the neighbourhood of one. Because of this, a new coefficient is introduced to describe the operation state of a nuclear device 1, k k ±∆ = − and it is called excess multiplication factor or excess reactivity. It is obvious that the device remains in the critical state if 
is often used, which is called reactivity and signifies the fraction of the change of neutron density in a new generation.
The average neutron generation time I is the time from the moment of the neutrons formation during fission to the moment of their absorption (with the challenge of a new act of fission or ultimately output from the reaction). The rate of increase or decrease of neutron density n (number of neutrons N in a unity of volume) in the active zone depends on the average generation time I of neutrons. Naturally, the less is the generation time I until capture with fission, the more is the rate of increase of density n, that is
This expression can be given a more precise form. Indeed, in the next generation at the presence of excess reactivity the neutron density is to be equal ( )
Because of this, the rate of change of neutron density without taking delayed neutrons into account obeys the equation
, in which 0 n is neutron density at the initial time.
In kinetic analysis of nuclear devices the concept of period T of a given device is introduced, so that t T = is the time, in the duration of which the neutron density n changes e times, that is 
in which the first summand in the right-hand side of the Equation (1) signifies the rate of formation of all neutrons by fission, the second one signifies the rate of neutron loss, the third one signifies the rate of formation of precursors, the fourth one signifies the rate of formation of delayed neutrons out of these precursors, 
in which i β is the portion of delayed neutrons of each group. In the Equation ( 2) the first summand in the right-hand side gives the decrease of the number of precursor nuclei due to decay, and the second one gives their formation. Also notable is that for the substantiation of the system of Equations (1) and (2) it is supposed that the lifetime of daughter delayed neutrons and their precursor nuclei coincides.
Obviously, Equation (1) can be written dawn in the form ( )
if it is considered that 0 S ≡ . The system of Equations (2) and (3) describes the behavior of neutron density in the time and because of that it may be admitted as the most important in the task of kinetic neutron research. From that system it is clearly seen that the number (concentration) of precursor nuclei
, forms feedback in regards to neutron density. For simplification and greater visualization of the calculations an averaged approximation of one group of delayed neutrons with an averaged lifetime * l is typically used for kinetic analysis, in which 
In the expression (4) there is an estimation
from which follows an important ascertaining: an average lifetime of one neutron generation in a nuclear device is practically defined by the lifetime of delayed neutrons.
Matrix of Full Neutron Kinetics
Write a system of differential Equations (2) and (3) in vector-matrix form
where designations are introduced n C
For a constant square matrix A of dimension 1 m + the Equation (5) Proof. With the goal of deriving the correlation (6) we shall utilize the expansion method of the determinant on columns with highest number of zeroes and reduction to calculation of lesser order determinants of triangular form. Then, starting with the second column, on the first step we get
Following this, in the equality (7) on 2-nd step the
det A is again expanded along the elements of the second column: 
This means that = in a general case is revealed as prospectless. In the meantime, the situation is not as hope less and changes in a radical way if the system Equation (2) and scalar Equation (3) are separated.
Separation Method. Integrodifferential Task
System (2) can be rewritten in the form 
As a reminder, the initial conditions
are defined by the expressions (9) .
Integrating the Equation (10) 
In the expression (12) the matrix exponent e Bt is very simply found in the Verhulst's task about populations and competition within a species, Lotka-Volterra task about "predator-prey" type associations and etc. [10] ). A feature of these equations is that all of them are caused by various effects of delay. Thus it is not surprising that the presence of delayed neutrons in the process of nuclear fission also caused a corresponding integrodifferential equation in its wake, in which the effect of the delay is given with the help of the function
For the solution of the Equation (14) one of the approximate methods can be utilized, for instance, one of quadratures, one of successive approximations and etc [11] . The method of reduction of the initial equation to an integral one with consequent solution through a resolvent kernel is among the more redical analytical methods of solution of integrodifferential equations.
Method of Reduction to an Integral Task
However in our case the reduction of the initial integrodifferential equation to an integral equation leads to big difficulties due to the presence of three constituents of various differential dimensions at once: ( ) ( ) , n t n t  Nonetheless, let's try to utilize one of the variants of the method of reduction [11] with the help of a fitting change of variables.
t n t H t s s n t H t s s H t t
is the new sought function,
( )
H t is a function of a homogenous kernel, which is hereinafter selected from certain conditions of solvability of the equations. Substituting all of these expressions into the Equation (14) we get 
in which hereinafter the kernel ( )
, N s t is to be selected appropriately. Provided identity of the Equations (15) and (16) there is a need for the equal- 
Obviously, in the integral condition (17) the first fraction ( ) ( ) 
t H t h t t s s h t H t g t M t
σ σ = = − ∫ from which we get an equation of a linear holonomic differential constraint of 1-st order: In connection with the presence of a series of new introduced functions (which are supposed to be continuously everywhere differentiable with respect to all arguments) and of the corresponding equations an important question of their solvability arises. The following statement in the form of the Theorem of matching provides an answer to it. 
Diffusion Problem of Neutrons and Its Solution by Furier's Method
It is well known the process of formation of free neutrons inside a fission medium (thereby of formation of charged fission particles) for realization and maintenance of nuclear chain reaction is a decisive significance. Therefore, the question about diffusion of neutrons and charged particles flex over the whole volume of external magnetic reflecting field which created by toroidal nuclear electric generator (nuclegen) is presented sufficiently important.
In critical stationary generator the coefficient of neutron multiplication k from generation to generation doesn't change ( )
Hence it follows that for any point of active zone we can write the equation of neutron balance
where F is the "formation", L is the "leakage", A is the "absorption" and R is the "reflection". Here through R in relation (23) the external magnetic pressure is indicated which is making in respect to the neutron flex the reflected and restored function and reflected effect of itself toroidal surface also.
The basic equation for diffusion effects (in this case neutron diffusion) is the Fick's law, which establishes that resulting current (flex) of diffusive substance is proportional to the density gradient of this substance and is directed to the side of region with the lowest density
where
is the operator of spatial gradient, J is the resultant flex of neutrons, nv Φ = is the scalar neutron flex, D is the coefficient of diffusion is determined by relation (24). Here n is the number of neutrons in the unit of volume (the spatial density), v is the average neutron density.
We denote the leakage L in Equation (23) ( ) ( ) ( ) ( ) Open Access Library Journal leakage from the active toroidal zone are excluded. The same reasoning can also be given for an ionite gas. Other coefficients and notations appear, but the essence, must be assumed, remains the same: the ionites in the toroid will practically not be subject to diffusion.
Conclusions
First of all, it should be noted once more that in this paper the problem of neutron multiplication in the nuclear fission process is solved in general form. It may be achieved owing to: 1) the introduction of the matrix of full neutron kinetics and the investigation of its algebraic properties; 2) the reducing of integrodifferential task to integral task for the effective solution of kinetic neutron equations. 
